& Advisory

U.S Depaftment

of Transportation CI rC u | a.r
Federal Aviation

Administration

Subject: SPECI FI CATI ON FGR CONSTANT Date: 10/16//84 . AQ\WWo: 150/5345=1CGE
CURRENT REGULATORS AND REGULATCR Initiated by: MAS-ZBD . Change:
MONI TORS

1. PURROSE. This advisory eikreular (AC) eontains a specifieation f or eonstamt
cuccent regullators used on airporit lighting eirewitss, and for a fomitter that
reportts on the status of the regullaitor,.

2. CANCELIATIION. AC 150/534%5-41U), Speeifieatiiam 1-828, Constant Curirenit
Regul ators, dated 3/HiBfh, is cancellled.

3. PRENCIPAr CHANGES. The following peinecipall changes have beea madein
this AC:

a. A specificatiion for a constaiit current cireuit fdhitter has been
addedi. The regulaiteir without nbhitoriihg is a type L-82B. If noniteriing is
addedi, it becones a type L-829. The nbmitteir also nmy be a separaite fbdule (type
L-827)) used to fbmitteir existing constaiit eurtent regullaitoirs.

h. The classiifieatiiom system has been relaxed to allow fibre cofbinations
of featuress. The purchasesr will now be alhowed to speeciiffy mmny different para-—
neters, inelludiing the input voltage, to suit his partiecullar needs.

4. APPLECATHON. The specifiecation contained herein is recemmended by the
Federall Aviatiiom Adniinisftraitiiem in all applicatiions invollviimg aitporit devell-
oprent of this natwre. The specification is an aceceptablle meams for complianee
with Federall Aviiattiiom Regullation (FAR) Patt 152 for. projeets funded under the
Aitrport Improvememt Progtam or with FAR Part 139 where such faeilliftiess nmy be
required. Where altermaite feans are propessd], it nust be denpnstrated that
equivallent levels of perffermenese, safeity, and for Federallly funded projeeits,
equivallent ecost effeeitivenssss, are achiewed.

5. METRIC UNTTS. To pronobte an orderlly transition to netrie units, this
specifiecation inelludes both English and feteie dimemsiorms. The metriie
conversions fay Aot be axaet equivalents and untill there is an offietial
changeover t6 the fietkic system the Engllish dinensions willl goverm.

Leonard E. Mudd
Dimes¢tor,, OFfice of Airport Standards
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10/16//84 l AC 150/5345-10F%

Table 1. Qutpuit curreiit.
(Anperes rme)

Class | Stylle | Step | Nonimal output | Allowable range

1 1 3 606 6.40 - 6070
2 505 5.33 - 5067
1 4.8 4.66 - 4.94

1 2 5 606 6.40 - 6.70
4 502 5.04 - 5036
3 401 3.98 - 4022
2 3.4 3.30 - 3.50
1 2.8 2072 - 2.88

2 2 5 2000 19.40 - 20.30
4 15.8 15.33 - 16.27
3 12.4 12.03 - 12.77
2 10.3 9.99 - 10.61
1 8.5 8.24 - 8076

3.3.1.2 Reactiive Leadiitgy. The regullaiter shalll fmintain the eurkent within the
liniitts of tablle 1 for alll brightness steps when the load is conneeted via isolatiimg
transfornmers, and the secondaries of 30 pereent of these transformers become open—
cireuwiittesl. The load befere opening the isollatiiam transfformsr secondaries fmy be any
vallue from hallf to fulll lead. FPer regulaiters Less than 10 ki Loaded as speeiiffiied
above, the eureent shalll remmih below 6.8 amperes for the 100 percent briighitmesss

stem.

3.3.2 Effieieney. The efficiency of the regullaiteyr operated with rated input
voltage inte a fulll load haviimg unity power faeter shalll be not less than the vallue
shown in tablle 2.

Tablle 2. Regqullator efffiiciiensyy.

Regullaiteyr size Mipiirum overallll
D) efficiency (petcemit)
less than 30 90
30 92
50 93
70 94
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3.3.3 Power Factor. The power factor for regulators 10 kWer | ess in size sh&ll he
not less than 90 percent; for regulators larger than 16 kW, it skl be not |ess
than 95 percent. The power factor shall be measured with the regullater operating on
the maximum intensity setting, at rated input voltage, and into a rated load with
unity power factor.

3.34 1 nput Voltage, Input voltage shall be single phase, either 50 or 60Hz ae.
Regul ators 10 kWand | arger shall operate as required in 3.3.1 when the imput

vol tage is anywhere between 95 and 110 percent of the nominal value. For regul a-
tors under 10 kW, it is permssible to provide a regulator with several different
vol tage taps, from which the correct tap may be selected for the supply voltage.
The regulator shall be designed to withstand nonentary increases of voltage up to
120 percent of nomnal input voltage w thout being shut off or damaged by such
overvol tage. The duration of such overvoltage excursions shall be get |onger than
50 mlliseconds and shall occur no nore than once per mnute.

3.3.5 Tenperature Rise. The tenperature rise of the transformng fortien of the
regulatior shalT be 1 n accordance with ANSI C57.h2.00 (for Liquid-eeeled regul at ors)
or ANSI C547.12.81 (for air-cooled regul ators).

3.36 Control System The control system shall stabilize the output current at any
selected intensity wthin 5seconds, and shall hold the output current stable within
+0.0 anpere. The control system shall provide both local and renote control. The
regul ator shall function properly while operated by a circuit with a round--trip

| ength of 10,000 feet (3000 m) using No. 19 AWG control cable. Voltage for the
conbral syskem Shall not exceed 120 V.

8.3.7 Qutput Current Surge Limtation. The regul ator shall be designed so that
switching the regulator on and off, changing brightness steps, or shorting the |oad
wi Il not produce output surges that will damage series incandescent lamps, If tine
delay is utilized, no nore than 2 seconds shall elapse fromregulator turn-on to
delivery of eura-ent to the output termnals.

B38Circuit Isolation. The power input circuit shall be electrically isolated
fromthe output circuit. Wth the open circuit protecti-on disabled, the peak out-
put voltage of an open-circuited regulator shall not exceed two times the rated
wattage divided by the rated current or 4,250 V peak, whichever is greater.

3.3.9 Protective Devices.

3.3.9.1 Open-Circuit Protesttiioma. The regulator shall include an open-circuit pro-
tective device to open the primary switch within 2 seconds after an open circuit
occurs in the secondary. The device shall reset within 2 seconds after the control
switch is turned off and reemergiizas, and shall not be tripped by swtching of |oad
circuits or other transients.

3.3.9.2 Overcurrent Protection, Regulators 10 kwand | arger shall include an
overcurrent protective device that opens the primary switch when the output current
exceeds the 100 percent current (6.60r 20 A) by 5 percent. The device shall
operate within 5 seconds after an overcurrent of 5 percent and withim 1 second after
an overcurrent of 25 percent. The device shall reset within 2 seseeris after the
control switch is turned of f and reemergiizeed. The overcurrent protection shall not

be activated by a nonmentary (0.25 second) overcurrent caused by swtching of |oad
circuits or other transients.

4



10/16/34 AC 150/5345-1QGE

3.3.10 | nput Power Loss In the event of a loss of input poweti, the regul ator
shal | resumeoperation on the selected brightness setting whthin & seconds after the
restoration of input power.

3.3.10 El ectromagnetic Interference. The regulator shall cause mininmal radiated or
conducted electromagnetic interference to other equipment such as conputers, radars,
instrument landing systens, radio receivers, very high frequency omidirectiona
radio ranges, etc., that may be located on or near an airport, or that may use the
same power supply.

3.4 Detail Requirements.

3.4.nPrimary Switch. The regulator shall have a primary swtching device which
interrupts the Tnput power before it reaches the main transformng device. It
shall be operable via remote control and shall not interrupt internal contro
power .

3.4.2 Renpt e/ Loeall Control Switch. A switch with detents for local regulator
control shall be Tocated for ready access without opening doors or removing covers.
- The switch positions shall be marked "Renote, Of, 10, 30, 100™ for a three-step
regul ator and "Renote, Of, 1,2, 3, 4, 5" for a five-step regulator. The

switch shall not rotate beyond an active position

3.4.3 Qutput Ammeter. A flush-nounted, true rms-readiing anmeter to indicate out put
current 8hall be positioned on the front of the regulator so that it may be easily
read, |f analog, the nmeter shall have a scale length equal to that of a 3~ineh (75
my round meter. The meter accuracy shall be at least #3.0 percent of the naxi mum
out put current.

3.4.4 Termnal Block. Pressure-type termnal blocks having a suitable

voltage rating shall be installed in the control cabinet for connection of the
external wiring associated with nonitoring and renmote control. Terminal blocks
shal | acconmmdate No. 12 to No. 20 AWG wire with an insulation rating up to 600 V.
Two spare positions shall be provided

Ter m nal funetfon Label
a. Power supply fer renote control ccI
(control power)
b. Return fromremte on/off swtch cc
e. Returns fromrenote intensity swtch Bh-B2-B3-BQ-B5
(3 or 5termnals required) or Bh0-B30-BI100

d. Input for external control power XCP
(I'f required)

e. Neutral for external control power N
(I'f required)
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10//16//84 AC 150/ 5345101

a. Constant current regulator, single phase.’

bl Input: Vollts Hertz Anper es.
ea Control: Vollts Hertz
dl output: kW at Anper es.

e. Qutput Current: / / Amweres. Gallons of 611
f. ldentification: FAA-L-828 (or L-829%) Serial No.

3.4.14 Instruction Book. An instruction book containing at |east the follow ng
information shalT be furnished with each regulator

a. Conplete schematic and wiring diagrams showi ng all conponents eress—
indexed to the parts list.

b. Complete parts list with applicable rating and characteristics of each
part and with the conponent manufacturer% nane and part nunber

¢. Installation instructions.
d. Mintenance instructions.
e. Troubl eshooting charts,

f.  Theory of operation

3.5 Monitoring. The nonitor shall detect the status of the regulator and the
constant current circuit that it powers. Type L-829 regul ators have integral
monitoring; the nonitor may be offered as a separate modul e designated type L-827.
The monitor shall be matched with the regulator so that it will function when the
regul ator is powering a |load whose nominal value is between 50 and 100 percent of
the regulator's rated capacity. The load shall consist of a constant current |oop
that energizes the primary of several isolating transformers (specified in AC
15Qr5345-4i7)).. The secondary of these transformers will power an airport lighting
fixture. As a mininum the nonitor shall operate on the top two steps of both
regul ator styles; faults (a), (b)), and (d) shall be detected at all brightness
levels. The nonitor shall function when the regulator is in the remote or |oca
control node (fault (d) must be detected in the renote node, but need not be
detected in the local node). The monitor shall operate in a fail-safe manner. The
output of the monitor shall energize the coil of a SPDT relay when the regulator is
operating properly. Upon initial detection of a fault, the monitor shall wait 5
seconds (except for fault (a) and (bD)ys if the fault still exists, the nonitor
shall indicate an alarm The relay contacts shall be rated for a 2 anp resistive
| oad at 120 Volts ae, 60 Hz. The nonitor outputs shall be connected to a termna
block to facilitate external connections, and shall operate with control |ines
simlar to those described in 3.3.6. A visual indication shall be provided on the
monitor to indicate which nmonitored parameter caused the fault tndkadkion (except

for fault (a)), and a regulator-on light shall be provided, The fcllowing fault
condi tions shall be detected
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a. Loss of input power to the regulator;

b Shutdown of the regulator due to operation of any of the protective cir-
cuits specified in 3.3.9;

c. A 10 percent or greater drop in the volt-anperes being delivered to the
circuit;

d Faillure of the regulator to deliver the output current corresponding to
the brightness step selected;

e. Afailure of a preset number of lanps in the series circuit. The |oad of
each lanmp and associated isolation transformer may vary between 80 and 200 Watts;
the nonitor shall be adjustable so that the number of failed |anps required to
cause a failure indication may be varied from4 to 10. After the preset nunber of
lanps fail, it shall be possible to switch the nonitor into a degraded operation
nmodes. This mode will deactivate the fault indication, and reenergize it upon
failure of an additional preset nunber of |anps (ato 5).. Additional warning or
alarmlevels may be provided, but are not required

4)  QUALI FI CATI ON REQUI REMENT&

u.1 Qualification Request. Procedures for obtaining qualification approval are
contained in the Tatest edition of AC 150/534%-h,, Approved Airport Lighting
Equi prent .

4,2 Qutput Waveforns. To ensure conpatibility between regulators and auxiliary
equi pment whi ch may be powered by the regulator output, the manufacturer shal

supply with the qualification documents oscilloscope photographs of the output
current and voltage waveforns at nominal line voltage for all intensity steps at
short circuit, half load, and full load, The full-load and half-load waveforns
shal | be photographed with a purely resistive load, then repeated with 30 percent of
the Isolation transformers open-circuited as specified in 4.3.1.2. These phot o-
graphs will be used by the auxiliary equipnent manufacturers to ensure conpati-
bility with all approved regulators. These photographs shall also be available in
a manual to any interested auxiliary equi pment manufacturers for a nomnal fee

u.3 Qualification Testing.

4.3.0" Regul ation Test. The follow ng tests shall be performed to denonstrate
conpll¥ance Wi th 3.3.0 and table 1. Were isolation transformers and |anps are not
specifically required, a lunped resistive |load may be used

Y,3J111 Input Voltage Tests, For regulators 10 kW and |arger, |oad the regul ator
to full Led and energize it with nom nal input voltage, 110 percent of nom na

vol tage, and 95 percent of nomnal voltage and verify that the output current falls
withim the limts of table 1 for all brightness steps. Repeat this test at half
load and short circuit. For resonant regulators under 10 kW, energi ze the regul ator
with 250, 240, 230, 220, and 208 V and verify that the output current is within the
limts of table 1. This test shall be conducted at short circuit, half |oad, and
full load and at all brightness settings. Nonresonant regul ators under 10 kW may
nmeet either criteria
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b.3J.2 Ree&ime Load Tests. For regulators 10 kW and | arger, &f equival ent of
full Le@adsxd half Toad shall be placed on the regulator, but with 30 percent of' the
isolating transformers open-circuited. The Input voltages shall be nominal, 110
percent of nomnal, and 95 percent of nominal, The output current shall be checked
at all brig:tness settings and shall be within the limts of table 1. For regul a-
tors under 10 kW, the regul ator shall be energized with 240 V under full |oad é&rd
hallf | oad at the 100 percent brightness step. The secondaries of 30 percent of the
isolating transformers shall be open-circuited, and the output current shall not

ri se above 6a8anperes.

4.3.2 Prembo=Control Test. Check the output current at all brightness steps using

thia efol&bwing; rennte control circuits (a resistance |oad nmay be used in [ieu of the
fulill tength specified) and rated output |oad:

a. Connect the remote switch by simulated 100-feett (30 f) | engt hs of No. 12
AMG wire (a resistance equal to 0.16 ohns per wire). Operate the regul ator pe-
mookily cn a8l brightness steps to determine conpliance with 3.3.6.

B. Conneet the rempte switch by simulated 10,000-4feat (3000 m)) | engt hs
(tokall vobsi-riip di stance) of No.19 AWG control wire (a resistance equal to 87
ohms per 10,000 feet of wire and a capacitance between any two wires of QI
mietroffarads; .. Operate the regulator remotely on all brightness steps to deternine
conpl i ance \itth 3.3.6.

4.3.3 Tgaperature Rise. Determne the tenperature rise of the regulator
tramsftsrmibhy: device in accordance with ANSI C57a12ag0 for oil-cool ed transformers
and ANSI CE” J2 91 for dry-type transforners.

¥:3.4 Efficieney. Wth nomnal input voltage and a full load of unity power
factor, determne that the efficiency at maximum brightness is not |ess than spe-
cified in t&die 2.

k&5 Foge=: Fact @t> Wth nomnal input voltage and a full load of unity power
factor, determne that the power factor at maxinmum brightness is not |ess than spe-
cified in 53.3.

423.6 AntYludee. Each design of regulator shall be tested for |ow pressure
(altitude) piceenrding t o MrL-STD-&00, Met hod 500.2, Procedure 1I. The maxi num abti-
tude-shaill e 6,600feet (2 000 m) and the anbient tenperature shall be & C. The
regul ator shall be operated at rated voltage, |oad, and maximum brightness for 4

hours, Failure of the tests in ¥.3.1.nimediately after the 4-hour run-in period
will be cause for rejection of the equipnent.

4,3.7 Low Tenperature. Place the regulator in a test chanber and maintain the
anmbi ent tenperature at =400 c+5@ for 12 hours with the regulator off. Performthe
tests in 4.3,0.0 whi | e nmitntaliKimg t he | ow tenperature to denonstrate regulator
operation. Renote control may be used. For nonitoring circuitry, the test shall
be run at @° C.
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4.3.8 Humdity. Each design of regulator shall be' tested for resistance to hum -
dity according to MIL-STD-&h®, Met hod 507.2, Cyclic High Hunidity (Tabl e 507.2-I,
Cycle 3). The regulator shall be exposed to 12 cycles. Failure of tests in
4.3.1.0 after humdity cycling, or evidence of corrosion or deterioration, wll be
cause for disapproval of the regulator.

4.3.9 Electromagnetic Interference Tests. Test for electromagnetic interference
by Met hods CE @ and CE 02 of MIL-STD-4&2, except that the frequencies from30 hertz
to 60 kilohertz shall be covered and that both power and control lines shall be
tested,

Up3.10 Basic |npulse Insulation Level (BIL) Tests. Subject the primary and seeon-
dary of the regulator to BIL tests in accordance with ANSI €57.12.90 or C57.12.91..

4.3.11 Dielectric Tests. Test the circuits of all regulator sizes to deternine
the equipment™s abiTity to withstand the following ris 60 Hz test voltages for 1
mnute without failure. Lightning arresters shall be disconnected during this test.

a. 2408velt i nput circuit to ground - 2,000 V.

b. 2,400-vellt i nput circuit to ground - 19,000 V.

6. 1206veltt control circuits to ground - 1,000 V.

d. 48-vollt control circuits to ground - 500 V.

e. Qutput circuit to ground - 5 times the full |oad rms voltage.
4.3.12 Protective Device Tests. Test all protective devices for proper operation
as specified In 3.3.9. Test to determne the open-circuit voltage (3.3.8) using an
oscilloscope or high voltage peak reading neter. On each brightness step,

interrupt the input voltage until the regulator ceases operation; reconnect the
power to denonstrate resuned operation on the same step (3.3.10).

4.3.13 Transi ent Suppression. To denonstrate the effectiveness of the |ightning
arresters, they shall suppress a test pulse on the output |ines eosssdtiing of a 10
by 20 m crosecond current surge of 15,000 anperes with the subsequent power-follow
current and a voltage surge of 10 kV per mcrosecond m ni mum without damage to the
regul ator.

4,.3.04 Leakage Test. Test each oil-filled regulator assenmbly to determ ne that
all wel ds and gasketed seal s are tight, Uilize an internal air pressure of 10 $2
psi for 5 mnutes,

4.3.15 Qutput Current Surge. Check the regulator output current during turn-on
and switching to determne conpliance with 3.3.7.

4.3.16 Monitoring Test. The manufacturer shall develop a test program for FAA
approval that exercises each of the nonitoring functions and denmonstrates the
required sensitivity. The test shall use an actual constant current loop with iso-
lating transforners and | anp | oads eensisting of at |east 50 percent of the

10
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regulator's rated capacity. Monitor operation shalll be denonstrated with each type
of regulator design with which it will be mated. The test plan shall denonstrate
conpliance with 4.3.6 through 4.3.9, and 4.3.13.

4.4 Production testing. Subject each regulator to the tests 4.3.2, 4.3.11, 4.3.12
(only protective devices test), and 4.3.34.. For the nonitor, the manufacturer

shal | develop a test procedure to exercise and test each of the alarm functions of
the nonitor. ‘

11 (and 12)






